Glutathione S-transferase P1 (GSTP1) is a critical enzyme in the phase II detoxification pathway. One of the common functional polymorphisms of GSTP1 is ARG at nucleotide 313, which results in an amino acid substitution (Ile105Val) at the substrate binding site and reduced catalytic activity. We evaluated the interaction between GSTP1 Val allele and Helicobacter pylori infection, smoking and alcohol consumption, increasing the risk of gastric cancer among the Chinese population. Information on potential gastric cancer risk factors and blood specimens were collected from 618 incident gastric cancer cases and 1,830 non-cancer controls between March 2002 and December 2011 in Liaoning Province, China. GSTP1 Ile105Val was genotyped by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry and polymerase chain reaction-restriction fragment length polymorphism. Serum levels of anti-H. pylori IgG were measured by ELISA. Odds ratio (OR) and 95% confidence interval (CI) were calculated using multivariate logistic regression, adjusted by sex and age. The risk of gastric cancer was significantly elevated in patients with the GSTP1 Val/Val genotype (adjusted OR = 3.324; 95% CI = 1. 790-6.172). An elevated risk of gastric cancer was observed in patients with H. pylori infection, smoking, or alcohol consumption, and together with the GSTP1 Ile/Val +Val/Val genotype (OR = 3.696; 95% CI = 2.475-5.521; OR = 1.638; 95% CI = 1.044-2.571; OR = 1.641; 95% CI = 0.983-2.739, respectively) (p,0.05). The GSTP1 Val allele shows an interaction with smoking, alcohol consumption, and especially H. pylori infection for increasing the risk of gastric cancer. These findings could demonstrate new pathophysiological pathways for the development of gastric cancer.
Introduction
Gastric cancer is one of the most frequently occurring cancers globally. A total of 989,600 new cases and 738,000 deaths are estimated to have occurred in 2008, accounting for 8% of the total number of cancer cases and 10% of cancer-related deaths [1] . The geographical distribution of gastric cancer exhibits wide international variation and .70% of new cases and deaths occur in developing countries. Investigations into the pathogenesis of gastric cancer have resulted in increasing evidence to suggest that interaction between various inherited cancer susceptibility genes could affect an individual's risk of developing gastric cancer [2] . These genes are also known as risk-modifier genes, particularly those whose allelic polymorphisms are responsible for impaired metabolism of environmental carcinogens and/or repair of oxidative-stress-induced DNA damage.
Since the first description by Krontiris in 1985 that the polymorphisms of the RAS gene can be used to assess the risk of oncogenesis [3] , more studies have begun to demonstrate associations between the polymorphisms and gastric cancer susceptibility, including oncogenes [4] , antioncogenes [5, 6] and immunomodifier genes [7, 8] . It has also been suggested that genetic susceptibility genes, especially genes for metabolic enzymes, may confer a risk for the development of gastric cancer [9] [10] [11] . Glutathione S-transferases (GST S ) consist of a superfamily of dimeric phase II metabolic enzymes [12] . Several polymorphisms in GST genes result in reduced or no activity of the enzymes. Specifically, GSTM1 and GSTT1 genes are polymorphically deleted [13, 14] . The polymorphism GSTP1, c.313A.G determines the amino acid substitution Ile(105)Val, which results in reduced activity of the Val-containing enzyme [15, 16] . The polymorphisms in GSTM1 and GSTT1 have been investigated in cancer for a long time; however, only recently have some studies investigated the association of various cancers with GSTP1 variants. Some studies have observed a different relation between the GSTP1 polymorphism and an increased risk for oral [17] , breast [15, 18] , colorectal [19] , prostate [20] and lung [21, 22] cancers. Regarding gastric cancer, only a few studies were conducted to investigate its association with GSTP1 variants [23] .
It has been increasingly accepted that the etiology of most common tumors involves not only genetic and environmental causes, but also interactions between the two. The finding that the strength of association between lifestyle and cancer occurrence is influenced by genotypes (gene-environment interaction) has opened the door to genotype applications for tumor prevention.
In this case-control molecular epidemiological study in a Chinese population we determined whether this GSTP1 polymorphism influenced susceptibility to gastric cancer, as well as the interaction between the polymorphism and environmental factors (Helicobacter pylori infection, smoking, and alcohol consumption) involved in gastric carcinogenesis.
Materials and Methods

Study Population
A total of 2,448 patients with different gastric diseases were enrolled in this study, including gastric cancer (n = 618), atrophic gastritis (n = 683), and superficial gastritis as a control (n = 1,147). All patients were consecutively recruited from March 2002 to December 2011 in Liaoning Province, Northeast China, and were surveyed about their history of any illness. Before commencement of the study, approval was obtained from the Human Ethics Review Committee of China Medical University. Written informed consents were obtained from participants in accordance with the Declaration of Helsinki and its later revision.
Data Collection and Laboratory Protocol
Cases and controls were interviewed face-to-face by trained interviewers using the same questionnaire. The diagnosis of gastric disease was established by upper gastrointestinal endoscopic examination and confirmed by histopathology. Histopathological findings were assessed according to the visual analog scale of the updated Sydney System [24] . Meanwhile, 5 ml of blood was collected from each patient to isolate DNA and measure serum H. pylori IgG. The blood samples were allowed to clot for 30-40 min at room temperature, and then centrifuged at 3,000 rpm for 10 min. The clots and sera were stored immediately at -20uC, and then moved into a freezer at -70uC within 3 days of collection.
All genomic DNA was extracted using the standard phenolchloroform extraction procedure. In 915 cases, GSTP1 Ile105Val single nucleotide polymorphism was genotyped by polymerase chain reaction-restriction fragment length polymorphism according to Watson et al [25] , with a slight modification. In 1,595 cases, GSTP1 was genotyped using a matrix-assisted laser desorption/ ionization time-of-flight (MALDI-TOF) mass spectrometry platform (Sequenom, San Diego, CA, USA), according to the manufacturer's instructions. Duplicate samples (62 cases, 2.5% of the total) were included for the evaluation of genotyping quality and the concordance rate was 100%. 
Results
Characteristics of the Study Population
The frequency distributions of demographic and other selected characteristics of the participants are shown in Table 1 . There was no significant difference in the distributions of age, sex, smoking status, and alcohol consumption between the superficial gastritis controls and atrophic gastritis cases. The H. pylori-positive rates of the superficial gastritis control and atrophic gastritis groups, the superficial gastritis control and gastric cancer groups were 25.8% (176 of 683) vs 60.8% (415 of 683), and 24.4% (134 of 550) vs 49.3% (271 of 550), respectively, and a significant difference was observed in the atrophic gastritis group compared to the superficial gastritis controls, and the gastric cancer group compared to the superficial gastritis controls. The smoking and alcohol consumption rates were of significantly different between the superficial gastritis controls and gastric cancer cases.
Association between GSTP1 Genotype and Risk of Gastric Cancer
To examine whether the risks of gastric cancer and its precancerous conditions were related to GSTP1 genotype, we analyzed the association between GSTP1 genotype and the risk of atrophic gastritis and gastric cancer. Compared with the patients with Ile/Ile genotype, those with Ile/Val or Val/Val genotype did not harbor a significantly higher risk of atrophic gastritis. However, in the gastric cancer group, using Ile/Ile genotype as a reference (OR = 1.00), the OR for Val/Val genotype was 3.324 (95% CI = 1.790-6.172), which showed a statistically significant increase in gastric cancer risk associated with Val/Val genotype ( Table 2) .
Stratified Analysis
We further evaluated the association between the genotypes of GSTP1 and risk of gastric cancer and its precancerous conditions by subgroups of age, sex, H. pylori infection, smoking status, and alcohol consumption. No significant differences were found in the atrophic gastritis group, except in the subgroup aged .60 years (Table 3) . In general, an increased atrophic gastritis risk associated with Ile/Val genotypes was more evident in subgroups aged .60 years (adjusted OR = 1.824, 95% CI = 1.185-2.809). Moreover, patients with GSTP1 Val/Val genotypes were associated with risk of gastric cancer in almost all subgroups except for non-smoking or non-alcohol consumption subgroups (adjusted OR and 95% CI, see Table 3 ).
Characteristics of Patients with/without H. pylori Infection, Smoking, and Alcohol Consumption in Relation to GSTP1 Polymorphisms A variant of GSTP1 has a lower efficiency for most of the environmental carcinogens (e.g. H. pylori infection, smoking, and alcohol consumption) that may cause some individuals' suscepti-bility to gastric cancer and its precancerous conditions [26] [27] [28] 
Discussion
Over the past 20 years, there has been marked progress in our understanding of the role of genetic and environmental factors in the etiology of gastric cancer. GSTs are multifunctional and multigene products. They are versatile enzymes and participate in the nucleophilic attack of the sulfur atom of glutathione on the electrophilic centers of various endogenous and xenobiotic compounds. Out of the major classes of GSTs, GSTP1 has significance in the diagnosis of cancer because it is expressed abundantly in tumor cells [29] [30] [31] . It is a single gene product, coded by seven exons. Some studies have observed that a relation between the GSTP1 polymorphism and GSTP1 is involved in some cellular functions. The best characterized of these is its role as a phase II enzyme in which it catalyzes the S-conjugation of glutathione (GSH) with a wide variety of electrophilic compounds, including many mutagens, carcinogens, anticancer agents, and their metabolites. Polymorphisms of GSTP1 have been reported, isoleucine (Ile) 105 valine (Val) in exon 5 and alanine (Ala) 114 valine (Val) in exon 6 [32] . The activity of this enzyme is affected by substitution at position 105, which is located in the hydrophobic substrate binding site, and this has considerable affects depending on the type of chemical reaction. It has been suggested that compared with GSTP1 Ile 105, GSTP1 Val 105 has a higher catalytic efficiency with regard to the metabolism of carcinogenic aromatic epoxides [33, 34] . In the present case-control study, we reported that the polymorphism of GSTP1 was significantly associated with an increased risk of gastric cancer in the Chinese population. At present, there are few reports about the association between the polymorphisms of GSTP1 and the risk of gastric cancer. Researchers in the USA [35] have reported that the GSTP1 genotype seemed not to be associated with the risk of gastric cancer and chronic gastritis in a high-risk Chinese population. The results detected by Katoh et al [36] suggest the frequency of the GSTP1 allele Val is increasing in gastric cancer in the Japanese population, but this has not yet obtained statistical significance. We found that there was a significant difference in the GSTP1 polymorphic types between the gastric cancer cases and superficial gastritis controls. The frequency of GSTP1 Val/Val genotypes was significantly higher in the gastric cancer group, compared with Ile/Ile or Ile/Val genotypes. The analysis showed a statistically significant 3.324-fold increase in gastric cancer risk associated with the GSTP1 allele Val. This suggests that individuals from Northern China with GSTP1 allele Val have an increased risk of gastric cancer, but not atrophic gastritis (one of the precancerous conditions). However, it's worth mentioning that in subgroups aged .60 years, an increased atrophic gastritis risk associated with Ile/Val genotypes was more evident. These findings revealed that the GSTP1 Ile/Val polymorphism could affect the stage of gastric carcinogenesis, the extent of atrophic gastritis as a precancerous lesion.
Compared with other studies, we found that the allele Val frequencies of GSTP1 (21.1%) were significantly different from those in western people, such as European-Americans (33%) and African-Americans (42%) [25, 37] . This suggests the possibility of GSTP1-genotype-associated ethnic differences. The fact that, in our study, genotype frequencies among the population fitted the Hardy-Weinberg law further supports this view. The mechanism of the association between GSTP1 gene polymorphism and gastric cancer was not clear in our study. However, it can be supposed that GSTP1 is a major GST isoform expressed in human gastrointestinal epithelium, which can eliminate DNA oxidative products of thymidine or uracil propenal. After induction by cytochrome P450, some tumor-related carcinogens, such as benzo[a]pyrene diol epoxide and acrolein, can also be eliminated by GSTP1. The IleRVal substitution may be associated with a higher level of DNA adducts, thus increasing the susceptibility to gastric cancer induction.
Furthermore, stratified analyses revealed that subgroups of smoking or alcohol consumption were more likely to have been diagnosed with gastric cancer. Our analysis supports there being an elevated risk of gastric cancer among individuals with H. pylori infection, smoking, or alcohol consumption, and the GSTP1 Val/ Val genotype.
H. pylori has been assigned as a classs I carcinogen by the World Health Organization, and acts as the initiating agent [38] . Serological H. pylori IgG testing was a useful noninvasive strategy for testing for H. pylori. It was particularly useful in areas where the prevalence of H. pylori was high. We investigated the interaction between GSTP1 genotype and H. pylori infection in gastric cancer and its precancerous conditions. Association of the GSTP1 Val/ Val genotype with H. pylori infection significantly increased gastric cancer and atrophic gastritis risk. This important finding suggests that GSTP1 genotyping and H. pylori IgG seropositivity could be used to identify individuals with a high risk of gastric cancer and its precancerous conditions. The mechanism of action might be that the H. pylori infection resulting in gastric cancer and its precancerous conditions depends on genetic polymorphisms influencing the virulence of the organism. GSTP1 Ile/Ile has a higher catalytic efficiency than GSTP1 Ile/Val or Val/Val for most environmental carcinogens, including cytokines produced by H. pylori infection. These cytokines that could not be detoxified by GSTP1 could directly induce gastric mucosal damage and eventually lead to development of atrophic gastritis and even gastric cancer. The exact molecular biology mechanisms need further exploration.
Tobacco smoking and alcohol consumption are the main known etiological factors of some cancers. In this study, we observed that higher ratios of people in the gastric cancer group had consumed tobacco and alcohol (57.1% and 42.2%, respectively), compared with the controls (44.5% and 29.6%, respectively) ( Table 1 ). This finding indicated that alcohol and tobacco consumption are highly associated with increased risk for gastric cancer. Long-term tobacco smoking and alcohol consumption have been shown to contribute to carcinogenesis [39] . Tobacco consumption can significantly increase nuclear hypoxia-inducible factor (HIF)-1a expression, and alcohol can increase protein levels of c-fos and cjun proto-oncogenes [40, 41] . Association of the GSTP1 Val/Val genotype with smoking or alcohol consumption could significantly increase atrophic gastritis and gastric cancer risk. This phenomenon might be caused by alterations in catalytic efficiency between tobacco and alcohol constituents and the polymorphic GSTP1 gene. These findings provide a possible molecular explanation for the synergistic effect of smoking and alcohol consumption on gastric cancer development. However, details of the mechanism must be verified by other well-designed experiments.
In conclusion, our results suggest that polymorphism of GSTP1 may contribute to gastric cancer susceptibility in the Chinese population. Moreover, the combined effect of GSTP1 Val allele with environmental carcinogens (H. pylori infection, smoking, and alcohol consumption) significantly increases the risk of gastric cancer development.
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